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The dynamics of an ecological community are often described by changes in species composition over time. We use the term "succession" to refer to these changes. Succession is no longer viewed as a deterministic development toward a unique stable climax community (Connell and Slatyer 1977) . Instead, it is widely recognized that disturbance, dispersal, colonization, and species interactions produce patterns and variability on a range of temporal and spatial scales.
Markov chains were introduced as models of succession by Waggoner and Stephens (1970) and Horn (1975) . These models imagine the landscape as a large (usually infinite) set of patches or points in space. The state of a point is given by the list of species that occupy it. In one class of models, this list may include multiple coexisting populations; such models are called patch-occupancy models (e.g., Caswell and Cohen 1991a, 1991b) . In another class of models, points are occupied by single individuals rather than populations. Such models have been applied to forests (Waggoner and Stephens 1970; Horn 1975; Runkle 1981; Masaki et al. 1992) , plant communities (Isagi and Nakagoshi 1990; Aaviksoo 1995) , insect assemblages (Usher 1979) , coral reefs (Tanner et al. 1994 (Tanner et al. , 1996 , and rocky intertidal communities (Wootton 2001b (Wootton , 2001c .
Successional dynamics are modeled by defining the probability distribution of the patch state at time , t ϩ 1 conditional on its state at time t. This distribution may depend on time, location, and local or global state frequencies. Time-varying models can be analyzed as nonhomogeneous Markov chains (e.g., Hill et al. 2002) . Models with dependence on local state frequencies are nonlinear stochastic cellular automata (e.g., Caswell and Etter 1999) . Models with dependence on global state frequencies are nonlinear Markov chains (Caswell and Cohen 1991a, 1991b; Hill 2000) , which are mean-field models for the corresponding cellular automata.
Models with time-invariant transition probabilities are homogeneous, finite-state Markov chains. Here, we use such a chain to analyze succession in a rocky subtidal community. A detailed statistical analysis of the model that examined the effects of spatial and temporal variation showed that although statistically significant, the effects are so small as to be biologically trivial, regardless of whether asymptotic or transient properties of the community are examined (Hill et al. 2002) . We will explore the effects of nonlinearity elsewhere.
Suppose that there are s possible states. Let X(t) denote the state of a point at time t. The model {1, 2, … , s} is defined by a transition matrix P, whose elements, , p ij are the conditional probabilities: p p P[X(t ϩ 1) p iFX(t) p j] i, j p 1, … , s. (1) ij P is column-stochastic (i.e., each column sums to 1). Let x be a probability vector (i.e., whose
x ≥ 0, x p 1) i i i entries give the probability that a point is in state i. Then x(t ϩ 1) p Px(t).
(2)
If the community is conceived of as an ensemble of points, each experiencing an independent realization of the stochastic process given by P, then x(t) defines the state of the community; its entries are the expected relative frequencies of point states at time t. We believe that Markov chain models are a valuable but underutilized tool in community ecology. Consequently, one of our goals is to extend the analysis of community dynamics by a more systematic exploration of the properties of Markov chain models than has appeared in any previous study. This is the first time that some of these results have been reported for any community. To help interpret them, we will contrast our results with those obtained from matrices reported by Wootton (2001c) for intertidal communities in Washington and by Tanner et al. (1994) for coral reefs in Australia. Such comparative analysis will become more powerful and more valuable as additional data sets are collected (see Wootton 2001a for a comparison along different lines from ours).
The Subtidal Community
Rocky subtidal habitats extend from the intertidal area down to the upper limit of the deep sea at about 200 m (Witman and Dayton 2001) . Here we will study a subtidal community on vertical rock walls; such communities are dominated by epifaunal invertebrates (Sebens 1986) . They are subject to lower disturbance rates than communities on horizontal substrates at similar depths. Witman and Dayton (2001) have reviewed the processes (disturbance, predation, and competition) operating in these communities. Because sessile organisms require substrate, competition for space plays a key role; disturbance and predation open up space for colonization. Colonization usually requires recruitment of larvae. At shallow subtidal depths, larvae sometimes settle in dense aggregations that completely cover available space, but this seems to happen less often at deeper depths, including the depths from which our data come (Witman and Dayton 2001) .
Subtidal succession has typically been studied on small (!0.1 m 2 ) artificial substrata such as plates or tiles (Sutherland and Karlson 1977; Osman 1982) , so there are few studies of succession on natural hard substrates for comparison. Keough (1984) found that the dynamics of sessile epifauna on fan-shaped shells of a large bivalve were dominated by recruitment, with high species turnover as residents died. Disturbance was low in these small, discrete habitats. Physical disturbance had a greater influence on epifaunal communities on shallow (4-12-m depth) rock walls in the Caribbean, where the communities were impacted three times in six years by hurricanes, which created small patches (!25 cm 2 ) for succession (Witman 1992) . Since wave energy dissipates with depth, natural physical disturbance should decrease with depth in the rocky subtidal community (Witman and Dayton 2001) .
Parameter Estimation
Our analysis focuses on a subtidal rock wall community at 30-35-m depth on Ammen Rock Pinnacle in the central Gulf of Maine (Witman and Sebens 1988; Leichter and Witman 1997) . Nine permanently marked 0.25-m 2 quadrats, positioned horizontally along a 20-m span of the rock wall habitat, were photographed each year with a Nikonos camera mounted on a quadrapod frame (Witman 1985) . A total of 14 species of sponges, sea anemones, ascidians, bryozoans, and polychaetes were identified in the photos (table 1). For reasons that will become apparent, we have ordered the species in decreasing rank order of dominance in the equilibrium community.
Transition frequencies were measured by superimposing a rectangular lattice of points at 1-cm in-30 # 20 tervals onto -cm color prints made from high-31.25 # 20 resolution color slides of the quadrat photos. This corresponds to approximately a 2-cm interval on the actual substrate ( ), which approxi-1/2 [0.25/0.06] p 2.04 mates the size of the smallest organisms in the data set. At each time, the lattice was aligned to assure that species were always censused at the same points. We recorded the species occupying each point on each quadrat in each year, for a total of ∼42,000 points (the species occupying a few points were unidentifiable; these points were excluded from the analysis). The state of a point is given by the species (or bare rock) that occupies it; thus there are 15 possible states in our model. Table 1 shows the number of sampled points in each state and the abbreviations used to identify each state.
Maximum likelihood estimates of transition probabilities were obtained by creating a contingency table in which the i, j entry, n ij , gives the number of points that were in state j at time t and state i at . The transition t ϩ 1 probabilities, p ij , were estimated as n ij p p .
( 3 ) ij n ij i These estimates average over spatial and temporal variability to produce the best single estimate of a homogenous Markov chain for the subtidal community. The resulting transition matrix is shown in table 2. We will extract three levels of information from the model:
Species properties. These describe aspects of the biology of an individual species in the context of its community. For example, the probability that an empty point is colonized by the bryozoan Crisia eburnea is .32, while the corresponding probability for the polychaete Spirorbis spirorbis is only .01. Crisia is one of the most abundant species in the equilibrium community; Spirorbis is one of the rarest. We will use such comparisons to see to what extent species-specific properties are correlated with equilibrium abundance.
Community properties. These describe properties of the entire community rather than those of individual species. Some of them are obtained by averaging species properties over the equilibrium community composition. For example, the average time before a randomly selected point in the subtidal community changes state (its turnover time) is 3.4 years. We can compare such community properties with the corresponding properties of other communities.
Perturbation properties. These describe how changes in either the transition structure or the species pool would affect the resulting community. There are many such questions; we will focus on a small subset concerned with the diversity and evenness of the community.
Successional Analysis

Stationary Community Structure
We begin by using P to calculate the stationary, or equilibrium, community structure. If the transition matrix P is primitive (i.e., if for some finite ), then a k P 1 0 k ≥ 1 community described by equation (2) will asymptotically approach an equilibrium, or stationary, probability distribution from any initial condition. This distribution is given by the dominant eigenvector of P, normalized to sum to 1; we denote this eigenvector as w. Many authors have focused on the stationary distribution as a prediction of asymptotic community composition (e.g., Waggoner and Stephens 1970; Usher 1979; Rego et al. 1993; Gibson et al. 1997; Wootton 2001b Wootton , 2001c . Figure 1 shows the stationary structure of the subtidal community, with the biological species listed in decreasing order of abundance and bare rock at the end. By listing the species this way, correlations of species properties with abundance will be clearly visible in subsequent figures. The dominant species are the encrusting sponge Hymedesmia sp. 1, which occupies 34% of the substrate, and the erect bryozoan Crisia eburnea, which occupies 26% of the substrate. The remaining 12 species occupy 33.5% of the substrate, with frequencies ranging from 7.6% (Myxilla fimbriata) down to 0.5% (Spirorbis spirorbis). About 8.0% of the substrate is unoccupied.
The stationary structure computed from P agrees remarkably well with the observed structure of the subtidal community ( fig. 2 ), explaining 98% of the variance in 
Successional Transitions
The entries of P describe the processes that determine succession: colonization, disturbance, replacement, and persistence. These can be quantified for individual species (column j of P gives the probability of transitions from species j; row i of P gives the probability of transitions to species i) and for the entire community. For an individual species:
Colonization. Colonization occurs when a species occupies a previously unoccupied point; it results from recruitment of larvae onto bare substrate or growth of individuals into unoccupied space. In this article, we will denote bare rock as state s (the last state in our list). Then P(colonization by species j) p p .
( 4 ) js Disturbance. Disturbance occurs when an occupied point at time t becomes unoccupied at . It results t ϩ 1 from either biological processes (e.g., disease, predation) or physical disturbance such as swells generated by severe winter storms (Witman 1987) ; its probability is P(disturbance of species j) p p .
( 5 ) sj 1 It may seem that figure 2 compares predictions with the same data used to make those predictions and that the result would be an artifactual agreement between the two (cf. Facelli and Pickett 1990; Wootton 2001a ). This is not true because the estimation procedure and the comparison of structure use different, statistically independent parts of the data set. See Hill et al. (2002) for details.
Replacement. Replacement occurs when a point occupied by one species at time t is occupied by a different species at time . It results when a nearby species over-t ϩ 1 grows an inferior competitor (Russ 1982; Sebens 1986 ); its probability is
Instead of considering the replacement of a species, we can focus on replacement by a species. Row i of P contains the probabilities that species i replaces the other species in the community. The average of these probabilities is 1 P(replacement by species i) p p ,
where p ii and p is are excluded from the summation because they represent persistence and colonization, not species replacements.
We will see later that "replacement of" and "replacement by" provide complementary pictures of how a species interacts with other species in the community.
Persistence. Persistence occurs when a point occupied by a species at time t is still occupied by that species at :
jj Figure 3 shows these probabilities for each species. Comparison with figure 1 shows that dominance in the subtidal community is associated with a low probability of disturbance, high probabilities of colonization and per- sistence, a high probability of replacing other species ("replacement by"), and a low probability of being replaced by other species ("replacement of"). The positive correlations of dominance with colonization and the probability of "replacement by" are statistically significant (table 3) .
Successional transitions can also be examined at the level of the community:
Colonization. The probability that an empty point is colonized by some species is
Disturbance. The probability that an occupied point, randomly selected from the stationary community, is disturbed between t and is the average over the sta-t ϩ 1 tionary distribution of the species-specific disturbance probabilities:
Replacement. The probability that a point, randomly selected from the stationary community, is replaced by a different species is the average over the stationary distribution of the probability of replacement:
Equation (7) gives the average probability of replacement by species i. The average of this quantity over the stationary distribution gives
Note that the choice to exclude bare rock (state s) from the averages in equations (11) and (13) is a choice of interpretation; most ecologists would be concerned with colonization, disturbance, and replacement of biological species only, but there is no reason that comparable averages could not be calculated including bare rock or for other subsets of the community (e.g., all sponges).
In the subtidal community, the rate of disturbance is low (0.06), the colonization rate is high (0.71), and the replacement rate is intermediate (0.29). In "A Comparative Analysis of Benthic Communities," we will compare these values to other communities.
Successional Dynamics
Turnover Rates. The turnover rate measures the rate at which points change state and is thus one measure of the rate of successional change. The turnover rate of species i is the probability that a point in state i changes state between t and ; it is
The inverse of the turnover rate gives the expected turnover time of species i:
1 E(turnover time) p t p .
( 1 4 ) i T i Figure 4 shows these turnover times. Most are short (≤2 years); the longest are 6.2 and 7.3 years. There is a positive but nonsignificant correlation of turnover time with dominance in the stationary community (table 3) . The mean turnover time of a point in the stationary community is the average over the stationary distribution of the :
This includes the turnover time of bare rock (state s).
Calculating the mean over only occupied points produces the biotic turnover time: (Iosifescu 1980) . These recurrence times are highly variable among species in the subtidal community, ranging from 7.1 to 268.5 years ( fig. 4 ). There is a significant negative correlation between and abundance in the stationary v i community ( , ; see table 3) ; that is, r p Ϫ0.55 P p .026 the rarer a species is, the longer it takes for that species to reoccupy a point.
In the stationary community, the mean recurrence time isv Entropy, Complexity, and Predictability of Succession. In their study of coral reef succession, Tanner et al. (1994) noted that between 88% and 91% of the entries of P were positive; they called this high proportion of nonzero en- Note: P values are for tests of the null hypothesis of no correlation between the property in question and abundance, computed with a randomization test. Correlations were calculated for 2,000 random permutations of the species property; P is the proportion of the resulting 2,001 correlations greater than or equal in absolute magnitude to the observed correlation.
tries the "most remarkable aspect" of their transition matrices and defined it as a "complexity index." The subtidal community has a similarly high complexity index (95%).
However, the complexity index provides only limited information on succession because it is insensitive to the magnitude of the transition probabilities. Consider the column of P giving the transition probabilities for species j. An index that takes into account not only the proportion of nonzero entries but also their relative magnitudes is the entropy of p .j :
( 2 1 ) .j i j i j i
The entropies of the two columns in equation (20) are 1.38 and 0.17. Thus the entropy of a species is an inverse measure of the predictability of its successional changes.
The species entropies for the subtidal community range from 0.69 to 2.2 (the maximum possible value is ; fig. 4 ). There is a negative but nonsignificant log 15 p 2.7 correlation between species entropy and dominance in the stationary community (table 3) .
The entropy of the Markov chain as a whole (e.g., Khinchin 1957; Reza 1961) is the average over the stationary distribution of the entropies of the columns of P:
The quantity H(P) gives the uncertainty in the fate of a point randomly selected from the stationary community. If , the state of a point in the next time step is H(P) p 0 completely known (i.e., the uncertainty is 0), and succession is completely deterministic. The maximum uncertainty occurs when , in which H(P) p H (P) p log (1/s) max case the fate of a point is completely unpredictable. Since H max (P) depends on s, we can calculate the normalized entropy of P as
The normalized entropy of the subtidal transition matrix is . This community is poised halfway be-H (P) p 0.49 r tween predictability and unpredictability.
Community Convergence
The rate of convergence to the stationary distribution can be measured in several ways (Cohen et al. 1993; Rosenthal 1995) . One is the damping ratio
and are the largest and second-largest eigen-l l 1 2 values of P (because P is stochastic, ). Community l p 1 1 structure converges to the equilibrium, in the long run, at least as fast as (Caswell 2001) , so r pro-exp (Ϫt log r) vides a lower bound on the convergence rate. The closer the second eigenvalue is in magnitude to the first, the slower the rate of convergence. The half-life of a perturbation is given by . The damping ratio has been log 2/ log r applied to succession models by Tanner et al. (1994) and Wootton (2001c) .
An alternative measure of convergence rate, not re- stricted to asymptotic conditions, is provided by Dobrushin's coefficient of ergodicity (Dobrushin 1956a (Dobrushin , a(P) 1956b . Imagine two copies of the same community starting from initial states x 1 and x 2 . After one iteration the new states Px 1 and Px 2 will be closer together than x 1 and x 2 were, and the amount of contraction is given by
gives an upper bound on the contraction, and hence gives a lower bound on the convergence rate, Ϫ log a(P) comparable to . Dobrushin's coefficient is calculated log r from P as 1 a(P) p max kp Ϫ p k,
( 2 7 ) .j .k 2 j, k where p .j is column j of P. Unlike the damping ratio, Dobrushin's coefficient reveals an important connection between the transition probabilities and the convergence rate. Dobrushin's coefficient depends on the differences among the columns of P, each of which is the probability distribution of the fate of a point occupied by one of the species. If all the species behave identically, then all the columns of P are identical, , and the community converges to its a(P) p 0 stationary distribution in a single iteration. At the other extreme, if the species have completely different fates, then and the only possible stochastic matrix is onē a(P) p 1 that cycles deterministically among the states, and the community never converges. The convergence rate of the community is thus inversely related to the ecological differences among the species.
In the subtidal community, , implying a con-r p 1.16 vergence rate of (i.e., ∼15%/year) and a half-log r p 0.15 life of 4.7 years. Dobrushin's coefficient is , im-a p 0.89 plying a short-term convergence rate ofϪ log a p 0.12 (∼12%/year).
Perturbation Analysis
Perturbation analysis plays an essential role in demographic analysis (Tuljapurkar and Caswell 1997; Caswell 2001) and can be equally valuable in community modeling. In this section we examine the elasticity of species diversity to changes in the p ij and the effects on evenness of eliminating a species from the community. Many other perturbation analyses are possible. and is the mth element of the vector given by dw /dp m i j equation (30). We will focus on the elasticities, or proportional sensitivities of H, given by
The elasticity of H to proportional changes in a set of transitions (e.g., the probabilities that a species is replaced by another) is simply the sum of the elasticities of H to those transitions. For example, the elasticity of H to the probability that species j is replaced by some other species is
H Ѩp i(j, s ij Figure 5 shows the elasticities of H to changes in the E56 The American Naturalist probability of disturbance of, colonization by, persistence of, replacement of, and replacement by each species in the community. These elasticities are significantly correlated with species dominance in the stationary community (table 3). Increasing the disturbance of or the replacement of the dominant species or reducing the colonization of, persistence of, or replacement by the dominant species will all increase diversity. The converse is true for the rare species, although the effects of such changes are generally small. The scales on the axes in figure 5 are different. By far the largest elasticities are those of H to changes in persistence probability. Thus, in the subtidal community, the most dramatic way to change diversity would be to change the ability of species to hold onto occupied space.
Species Removal
Species removal experiments are an important way of characterizing the effects of extinction on diversity and community resilience (Paine 1974 (Paine , 1992 Menge et al. 1994 ).
Species whose removal produces a dramatic effect are termed strong interactors (MacArthur 1972; Paine 1980) or keystone species (Paine 1966) if their effect is disproportional to their abundance. The removal of such a species can lead to dramatic changes in community composition (Hughes 1994) .
Here we use the Markov chain model to examine effects of species removal on diversity of the stationary community. Because species removal automatically changes species richness, we measure diversity by the evenness:
(37) log s J reaches its maximum value of 1 when all species are in the community are equally abundant (Lloyd and Ghelardi 1964) .
To simulate the removal of species i, we set row i and column i of P to 0, renormalize the other columns to sum to 1, and then remove row i and column i. Let P i represent the transition matrix when state i is removed, w (i) its stationary distribution, and the corresponding evenness.
J i The proportional change in evenness is Figure 6 shows for all species; the effects are relatively DJ i small, and there is no evidence of a keystone species in the intertidal community by this measure. The removal of the sponge Myxilla or the bryozoan Crisia would produce the largest declines in evenness (9.7% and 7.8%, respectively). Removing the most abundant species Hymedesmia sp. 1 would increase evenness, but removing any of the subdominant species would reduce evenness. This suggests that when present, the subdominant species increase evenness by slowing dominance by Hymedesmia.
Discussion
Markov chains are a powerful framework for the study of succession. They have permitted us to characterize the asymptotic structure, successional rates, and transition processes in the rocky subtidal community. Using pertur-bation analyses, we have documented the effects on succession of changes in transition probabilities. In such calculations, it is important to restrict perturbations to those that maintain the column-stochasticity of the transition matrix. When we do so, we find that the elasticities of diversity are highest to changes in the persistence of the dominant and subdominant species. Changes in the probabilities of disturbance and colonization have much smaller effects on diversity. Removal of subdominant species reduces the evenness of the remaining community, which suggests the existence of second-order effects of those subdominants in reducing dominance by Hymedesmium.
These results can be thought of as a kind of quantitative fingerprint of a community in terms of its successional processes and can be compared across systems. As an example, we compare our results to two other marine communities by analyzing the matrices reported by Tanner et al. (1994) for coral reefs and Wootton (2001c) for a rocky intertidal community.
A Comparative Analysis of Benthic Communities
Three studies have now used Markov chains to describe succession in marine benthic communities: our analysis Tanner et al. (1994) in a study on Heron Island, Great Barrier Reef, for an exposed reef crest (EC), a protected reef crest (PC), and an exposed pool (EP). of the subtidal community; a study by Tanner et al. (1994) of three coral reef communities on Heron Island, Australia; and a study by Wootton (2001b Wootton ( , 2001c ) of a rocky intertidal community on the coast of Washington. Comparisons of successional properties across these communities are informative (table 4) .
Transition Probabilities. There are distinct differences in successional processes among the communities. Disturbance rates are an order of magnitude higher in the coral reef communities than in the subtidal or intertidal communities. In contrast, colonization rates are highest in the subtidal and intertidal communities and lowest in the coral reefs. The combination of a high disturbance rate and a low colonization rate explains why over 50% of the coral substrate is unoccupied at equilibrium, compared with 8% for the subtidal communities and 2% for the intertidal communities. Rates of replacement (averaged over the biotic components of the community) are much lower in the coral reefs than in the subtidal or intertidal communities.
The entropy of succession (eq. [23]) is highest in the intertidal and subtidal communities and much lower in the coral reef. Thus the successional sequence of a point is most predictable in the coral reef and less predictable in the intertidal or subtidal communities.
Rates of Succession. Mean biotic turnover rates
do not T bio differ much among the communities. The characteristic turnover times range from 3 to 5 years, shortest in thē t bio intertidal community and longest for coral reefs. The biotic recurrence times are shortest for the intertidal com-v bio munity (15 years) and longest for the coral reefs (38-121 years). The subtidal community is intermediate, with a recurrence time of 38 years.
The rates of succession for empty points (bare rock) reveal striking differences among the communities. The turnover rate of bare rock is highest in the intertidal community, where an empty point persists only for an average of 1.07 years. The subtidal community is not far behind, with a turnover time of 1.43 years. Empty space persists much longer in the coral reef, with turnover times of 3-7 years.
The stationary distribution in the coral reef communities is dominated by open space, which is rare in the subtidal and intertidal communities. The biotic evenness is highest in the coral reef communities because, of the eight species present, none occupies more than 20% of the substrate at equilibrium. In contrast, in the intertidal community approximately two-thirds of the substrate is occupied by a single species (Mytilus californianus). In the subtidal community, the two most abundant species occupy 60% of the substrate.
The results in table 4 can be combined into a description of succession in these three communities:
Subtidal. A typical point in the subtidal is disturbed about every 16 years. It remains empty for about 1.4 years before being colonized. The species occupying the point after colonization change every 3.4 years. Once eliminated from a point, a species returns to the point, on average, in 38 years. A randomly selected point experiences about five species replacements before being disturbed again.
The subtidal community converges to a stationary distribution with 8% bare rock and a biotic evenness of . Deviations from this stationary state decay at J p 0.71 bio a rate of at least 12%/year.
Intertidal. A typical point in the intertidal community is disturbed about every 40 years. A disturbed point is colonized almost immediately; the turnover time of bare rock is only 1.07 years. The species occupying the point change about every 3 years; once replaced, it takes 15 years for a species to return to a point. A point experiences 15 species replacements before it is disturbed and returned to bare rock.
The intertidal community converges to a stationary distribution characterized by only 2% bare rock, at which the biotic states have an evenness of . Deviations J p 0.56 bio from the stationary community decay at a rate of at least 39%/year.
Coral reefs. A typical point in the coral reef is disturbed every 4-5 years. Colonization is slow; a typical point remains empty for 3-7 years. Once occupied, the species occupying the point change every 3-5 years. Because replacement rates are low, once a species leaves a point, it does not return for 40-120 years. The point experiences only about one replacement before being disturbed again.
The coral reef community converges, at a rate of 17%-23%/year, to a stationary distribution with 65%-84% bare space and a biotic evenness of 0.77-0.82.
These comparisons are influenced to an unknown degree by the standard practice of pooling species in constructing the transition matrix. In the coral reef study, 72 species of coral and nine species of algae were pooled into eight species groups (Tanner et al. 1994 ). In the intertidal community, about 30 species were pooled into 13 species groups (Wootton 2001c) . We did not pool species into groups in the subtidal analysis. Methods now exist for carrying out such pooling according to objective criteria that minimize its effects on community dynamics (Hill 2000) , the results of which will be presented in another article.
We urge the use of Markov chain models as a tool for comparative community analysis; such comparisons will become more valuable as additional measures of community transition matrices are reported.
